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(54) Clrculi for pfodudng pulse signals with a desired duty cycle 

(57) An integrated drouit ties a first drcuH which 
receives an input signal and outputs a first output signal, 
wherein the first output signal is produced Isy changing 
thie pulse width of ttie input signal, a second ^rcuit 
which receives the first output signal and outputs a seo- 
. ond output signal, wherein the second output signal Is 
produced by delaying the first output signal and a con- 
trol drcuit The control circuit has a Hrst control circuit 
which riBceives the first and secOTd output signals and • 
corm'ots Iha first circuit based on the first and second 
output signals and a second control circuit which 
receives the first and second output signals and con- 
trols the second drcuit based on the first and second 
output signals. 
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Description 

10001] The present invention relates to an integrated 
drcUt and more parlicUarly to an integrated circuit far 
producing pulse signals with a desired duty. s 
[0002] A conventional circuit of this type Includes a 
pulse signal generating circuit JP-A-60-217722 dis- 
closes a conventional Integrated circuit which has the 
signal generating circuit (hereinafter rofared tb as a first 
conventional integrated circuit). 
[0003] Referring to Fig. 12. the first conventional inte- 
grated drcuil has a delay path LO with a delay time of 11 
+ 12. Delay path LO consists of a series connBclion of a 
delay path LI . with a delay time of t1 . and a delay path 
L2. with a delay lime off t2. The output of delay path LO is 
is logically anverted by an inverter 1202 and fed back 
into the input of delay path LO through an OR drcuit 
1 201 . The output from the midcfle tap point of delay path 
LO, the output of delay path LI , is also logically inverted 
by an inverter 1203 and fed back Into Ihe input of delay 20 
path LO through an OR circuit 1201. Thus, a delay loop 
with a delay tin>e of t1 and a delay loop with a delay time 
of t1 + 12 are formed. 

[0004] Next, the operation of the first conventional 
integrated circuit wiQ be described. 2s 
[0005] As described eOsove. logic agnals (pulse sig- 
nafe) circulating through the two delay loops are inte- 
grated into one logic signal by OR circuit 1201 , wlich is 
then returned to the Input of delay path 10. bi other 
words, stgnats. which circulate two types of delay loops so 
having different delay times, interfere with each other, 
and the generated pulse signal is outputted. As a result 
by maniauyering. the twp delay times t1 and t2. the duty 
of the oulpu^ pulse signal, the ratio of 1m = t1 and 
tm s t1 -I- 12 . is controlled to produce a desired duty. ss 
[0006] Another conventional integrated circuit is dis- 
closed In JP-A-63-2376't0 (hereinafter relied to as a 
. second cxjnventional integrated circuf). 
[0007] Referring to Fig. 14.. the second conventional 
integrated droult corrprices: an exclusive OR drcuit 40 
1401 wtiich produces a multiplied signal by performing 
an exclusive OR operation on the input signal and the 
ir93ut signal delayed by a plurality of delay circuits 1402. 
each of which has a different delay time: a duty determi- 
nation circuit 1403 fbr oulputting the determination sig- 4S 
nal specifying the direction of diange in delay amounts, 
of the delay circuit 1402 for making the output of the 
exclusive OR circuit 1401 a fixed duty value; and a 
selector 1404 for inputting the determination signal from 
the duty determination circuit 1403 and switching the so 
delay time^f the delay circuit 1402 teased on the ^eci- 
f led direction of change in delay tim& 
[0008] fan Fig. 15, duty determination circuit 1403 
includes an integration circuit 14031 that is used to; 
detecting the high and low level pulse widths of the out- ss 
put signal. 

[0009] Nexl, the operation of the second conventioneil 
integrated drcuit will t>e described. 



MAI 2 

[POlO] Duty determination circuit 1403 detects the 
high and low level pulse widths of the muHiplied signal 
outputted from the exclusive OR drcuit as a voltage, 
and ewitches selector 1404 so that me high and low 
level pulse widths become the predetarnrdned value. 
Thus, tiie duty of the output signal proAiced by multiply^ 
ing the input signal can be set to a desired value. 
[001 1 ] - In the first conventional integrated'circult, how- 
ever, a problem occurs because the Icwer limit of tine 
•operating frequency is restricted. K the delay time of the 
delay patii is increased, the waveform of the pulse sig- 
nal deteriorates because the circuit is configured as a 
ring oscillator. The waveform deterioration produces 
noise which causes a malfunction. 
10012] The first convantional integrated drcuit also 
produces another problem because after the ctrcuit 
operation etat>{]izes and stops for a time longer than the 
cyde of the input siignal. the input signal can not be fbl- 
lowed innmecfiately when the input of the input signal is 
started again. This is because the drcuit is configured, 
as a ring oscBlator. 

[001 3] On the* other hand. In the sedond conventional 
integrated circuiL a problem occurs because after tiie 
drcuit operation stabilizes and stops tor a time longer 
than the cyde of the input signal, the input signal can 
not be followed Immediately when the irputof the input 
signal is started again. This is because integration cir- 
cuit 14031 is used in the duty determir^atiori means. 
[0014] The second conventional Integrated circuit 
causes other problems because the output signal is 
restricted to the signal obtained by multipiying the input 
dgnal and the du^ of the output sigr^ does not 
become 50 percerit unless the duty of the input dgnal ia 
50 percent 

[0015] Accordingly, an object of the present Biventim 
is to provide a integrated circuit which equaBzes the 
high levd pulse widtii of the output signal with the low 
level pulse width of the output signal even H the high and 
low level pulse widths in the input signal are different 
[001 6] According to one aspect of the present inven- . 
tion. an integrated drcuit is provided which comprises: a 
first circuit which r^dceives an input signal and oul^xits a 
first output signal, wherein the first output signal is pro* 
duced by changing the pulse width of the Input signal; a 
second circuit which receives the first output signal and 
outputs a second output signal, wherein the second out- 
put signal is produced by delaying the first output signal; 
a first control drcuit which receives the first and second 
output signal and controls the first drcuit based on the 
first and second output signals; and a secoiKl control 
drcuit which receives the first and second output sig* 
nals and controls the second circuit based on the first 
and second output signals. 

[0017] According to another aspect of tiie present 
invention, an integrated drcuit is provided which com- 
prises: a f irst drcuit which receives an input signal, and 
outputs a first output signal which is increased In pro- 
portion to the high level vmtth of the input signal to the 
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low level width of the Input signal when the high level 
width is less than the low level width, or in proportion to 
the low levet wfdtti of the input signal to the high level 
Width of the Input slgr^ when the low level vyndth is less 
than the high level width; and a second circuit which 
inputs the first oulput signal and outputs a second out- 
put signal, wherein the first output signal is produced by 
delaying the output signal. 

[001 8] Other features and advantages of the invention 
will be made more apparent by the following detailed 
description and the accompanying drawings, wherein: 

Rg. 1 is a t:tock cSagram of a first embodiment of 
the present Invention; 

Fig. 2 is a block diagram of pulse width changing 

circuit ID of the present invention; 

Fig. 3 is a waveform diagram showing the operation 

of pulse width changing circuit 1 0; 

Fig. 4 is a block diagram of dday control circuit 20 

in the present invention; 

Pig. 5 Is a block diagram of delay selection circuit 21 
in th e present invention: 

Rg. e is a waveform diagram showing the operation ' 
of delay selection circuit 21 ; 
Fig. 7 is a block diagram of pliase confrol circuit 30 
k\ tiie present irvvenlton; 

Rg. 8 is a waveform diagram showing the operatton 

of the present invention when the high level pulse 

wkfth of the Input signal Is less tlian the low level 

pulse width of the input signal; 

Fig. 9 is a waveform diagram showing the operation 

of the present InyerUion when the low level pulse 

width of the input, signal is less than the high level 

pulse width of the input signal; 

Fig. 10 is a Uock diagram of a second embocf ment 

of the present invenfion; 

Rg. 1 1 Is a block diagram of a third embodiment of 
the present invention; 

Rg. 12 is a block diagram of a first conventional 
integrated circuit: 

Rg. 13 is a waveform diagram showing the opera* 
tion of the first conventk>nal integrated circuit; 
Fig. 14 is a block diagram of a second conventional 
integrated circuit; and 

Rg. 15 Is a block diagram of duty deterrrrinatipn cir- 
cuit 1403 used in the second coriventional inte- 
grated circuit 

[P019] in the drawings, the same reference numerals 
r^esent the same structural elements. 
[D020] A first embodiment of the present invention will 
be described in detail t:»elow. 

[0021] Befening to Rg. 1, a integrated circuit com- 
prises: a pulse wklth changing circuit 10 which receives 
an input signal and changes the pulse width of the input 
signal; a delay control circuit 20 which delays the input 
signal for an optional delay time; artd phase contnsi cir- 
cuits 30 arid 40 which control pulse width changing cir- 



cuit 10 and delay control circuit 20, respectively^ 
[0022] Pulse width changing circuit 10 has an input 
terrninai; an oulput terminal, and a control input termi- 
nal. The output terminal of pulse width changing circuit 
5 1 0 is connected to the input terminal of delay control cir- 
cuit 20, to an Inverse Input terminal of phase control cir- 
cuit 30 which detects the trailing edge of the output 
signal from pulse width changing orGuHi 10, ar>d to an 
input terminal of phase control circuit 40 which detects 
10 the leading edge of the output signal from pulse width 
changing circuit 10. 
. [0023] Delay control circuit 20 has an iTjpui terminal, 
an output terminal, and a control input terminal. TTie 
output of delay control circuit 20 is connected to an input 
75 terminal of phase control circuit 30 which detects the 
leading edge of the output signal from delay control dr- 
cuit 20. and to an inverse input terminal of phase control 
circuit 40 which detects the trailing edge of the output 
signal from delay control circuit 20. 
20 [0024] The control output of phase centred circuit 30 is 
connected to the control input of pulse width changing 
circuit 10. TTie control output of phase control circuit 40 
is connected to ttie control Input of delay control circuit 
20. Rg. 1. shows a typical configuration of this embodi- 
es ment Other similar conflgurafions. whkh are not 
• shown, are also Intended to be covered t>y tNs embodi- 
ment 

100251 Phase control circuit 30 has a terminal which 
rec^ee the felling edge of an output signal from, pulse 

so wkilh changing circuit 1 0 and a terminal wfrich receives 
the rising edge of an output signal from delay control cir- 
cuit 20. Phase control circuit 30 reduces 9ie phase dif- 
ference between the falling edge of the output signal 
from pulse width changing circuit 10 and the rising edge 

35 of the output signal from delay control circtnt 20. 

[0026] Phase control circuit 40 has a temiinal which 
receives the rising edge of an output signal from pulse 
width changing circuit tO and a tenrinat which receives 
the falling edge of an output signal from delay control 

40 circuit 20. Phase control circuit 40 reduces the phase 
difference between the rising edge of the oulput signal 
from pulse width changing cirouit 10 and the falBng edge 
of the output signal from delay control circuit 20. 
[0027] Referring to Rg. 2, pulse wkfth changing drcuit 

4S 10 comprises: a variable delay cincuit 1 1 wtitoh artsitrary 
delays the input signal received at an input tenrttnal 51 
and outputs the output signal; an AND circuit 12 which 
performs an AND operation on the input signal received 
at Input terminal 51 aiKl the output signal from variable 

so delay circuit 11; an OH circiat 13 which performs an OR 
operation on the input signal recced at Iriput terminal 
51 and the output signal from variatsle delay circuit 11; 
and a selector 14 which receives the output signals of 
AND circtit 12 and OR circuit 13, and selectively out- 

65 puts either one of the output signals to an output ternur 
nal 52. The delay time of variaUe delay circuit 1 1 can be 
set by a part of the control output from phase control cir- 
cuit 30 via a terminal 65^ which a part of the control 
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input. AND circuit 12 outputs an output signal s2 whose 
hi^ le^al pulse wridth Is narrowed by the delay time of 
variable delay circuit 11 by performing an AND opera- 
^on on the Input signal received at input ternUnal^SI and 
a signal si delayed by variable delay circuit 11. OR dr- 
cuH 13 outputs an output signal s3 whose high level 
pufse width is widened by the del^ tinie of variable 
deteiy circuit 11 by performing an OR operation on the 
input signal recetved at Input terminal 51 and signal si 
delayed by variable delay circuit 11. Selector 14 Is con- 
trolled t>y a part of the control output from phase control 
circuit 30 \Aa a terminal s4, and outputs either output 
signal s2 from AND circuit 12 or output signal &3 from 
OR drcuit 1 3 to output terminal 52. 
10028] Referring to Rg. 3. in pulse width changing cir- 
cuit 1 0, by adjusting the delay time of variable delay cir- 
cuit 11 and switching selector 14 by the control oulput 
from phase control circuit 30. the pulse width of the out- 
put signal, which is output from the output terminal 52. 
can be optionally changed. 

[0029] Referring to Fig. 4, delay control circuit 20 c6m- 
prises a pturaOty of delay selection drcuits 21 con- 
nected In series. Delay control circuit 20 delays ain input 
signal teased on the control output from phase control 
circuit 40. Each of the delay selection circulte 21 selec- 
tively delay the input signal or output the input sign^ as 
isw In this embodiment, three delay selection circuits 
21a, 21b and 21c are connected In series. More specif- 
ically, the delay tfme, by which delay control circuit 20 
delays the input signal, can be set delicately by making 
the delay time of delay selection circuit 21 b twice as 
long as delay selection drcuit 21a. by making the delay 
tinne of delay selection ctrcuit 21c twice as long as d^y 
seiecfion drcuit 21lx and by incEvidually controlling each 
of delay selection circuHs 21a to 21c by the control out- 
put from phase control drcuit 40 via terminals s6. s7 
•and sSk raspficlVely,.lTie mant)er of delay selection dr- 
cults 21 cmd their dday times are not limited to those 
shown in this embodiment and can be determined 
optionally as required. 

[0030] In Rg. 5. delay selection drcuit 21 indudes a 
delay element 22 and a selector 23. A signal received at 
an input terminal s9 Is branched into two signals, one of 
which Is inputted Into selector 23 as is, and the other is 
Inputted Into dday elanent 22. An output ^nal stO Is 
delayed by delay element 22 and irputted Into selector 
23. By swHdiing the selection signal at terminal s12. 
either one of the input signals from terminal s9 or the 
output signal from delay element 22 is selected and out- 
putted to an output terminal Si 1 based on the selection 
signal at terminal s12. 

[0031 ] Referring to Rg. 6, in the operation of the delay 
selacHbn droit 21 , the inpuX signal received at input.ter- 
mina! s9 is oulputted as the output signal to output ter- 
minal 611 rf the selection signal from terminal s12 Is at a 
low level. The ou^ut signal slO from delay element 22 
is outpulted as the ou^ut signal to output terminal st 1 
if the selection signal 51 2 Is at a high level. Also^ the 



delay anrx>unt can be set based on the storage capacity 
of delay element 22. 

[D032] In Fig. 7. each of the phase oontrol'drcuits 30 
and 40 include a phase comparison drcuit 31 and an 

5 up-down counter circuit 32. Phase comparison drcuit 
31 receives the signals from terminal 33 for detecting 
the leading edge of the pulse signal and ternnlnal 34 for 
detecting the trailing edge of the pulse signal and com- 
pares the phases of the leading edge from ternninal 33 

10 and trailing edge from terminal 34, Phase comparison 
drcuit 31 outputs the phase leac&ng signal si 3 and the 
phase delay sigral s14 to up-down counter circuit 32. 
Up-down counter drcuit 32 counts up ordcwn based on 
the phase leading signal si 3 or the phase delay signal 

IS sl4 outputted from the phase comparisoi drcuit 31 , 
and ou^uts the control signal to pulse width changing 
drcuit 1 0 or dday control drcuit 20. Thus, in phase con" 
trd drcuft 30, pulse width changing drcint 10 is contrd- 
led to minimize the phase difference of the Input signal. 

20 In phase control drcuit 40, delay control drcuit 20 is 
contrdled to minirdze the phase difference of the Input 
signal. 

[0033] Next the operation of this embodiment will be 
• described. 

25 [0034] Referring to Fig. 1, a pulse signal recdved at 
input terminal 51 is sent to pulse width changing circdt 
10 and its pulse width Is changed by pulse width chang- 
ing drcurt 1 0. Delay control drcuit 20 receives the signal 
outputted from pulse width changing drcuit 10 and out- 

30 puts it to output ternv'nal 54 after contrdDng the delay 
tinie. The outputs of pulse width dianglng drcuit 10 and 
delay control circuit 20 are fed back to pulse width 
changing drcuit 10 and delay control circuit 20 through 
phase contrd circuits 30 and 40. 

33 [0035] Phase control drcuit 30 controls pulse wkfth 
changing drcuit 10 based on the times when'the levels 
of the oulput signal from pulse width changing circuit 10 
and the output signal from delay contrd drcuit 20 
change." More spectflcaliy. phase contrd drcuit 30 con- 

40 trdls pulse width changing drcuit 1 0 so that the level of ' 
the output signal from pulse width changing drcuit 10 
falls when the level of the oulput signal from delay con- 
trol drcuit 20 rises. 

[0036] Phase control drcuit 40 controls delay control 
45 circuit 20 based on the times when the levels of ffia out- 
put signal from pulse width changing circuit 10 and the 
output signal from delay contrd drcuit 20 change. More 
specifically, phase control drcuit 40.contrds delay con- 
trd ctrcuit 20 80 that the level of the output signal frorn 
so pulse width changing drcurt 10 rises when the level of 
the output signal from delay control circuit 20 falls. Thus, 
in terminals 52, 53. and 54, pUse signals with the same 
pulse width at high and low levels, which are 50 pement 
duty signals, can be produced. 
SB [0037] In Figs. B and 9, the high levd pulse width of 
the signal obtained from ternv'nal 52 is equalized with 
the low levd pulse width because phase control drcuH 
30 contrds pulse vndth chancpng drcuit 10 to minimize 
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the phasa difference of the input signals. The signal 
obtained from terminal 54 is delayed by a half cycle from 
the signal obtained from terminal 52 to produce a high 
level pulse width that is equal to the low level pulse 
width, because phase control circuit 40 controls delay 
control circuit 20 to minimize the phase cfifference of the 
input signals. 

[0038] When there is no phase difference between the 
trailing edge of the signal obtained from terminal 52 and 
the leading edge of the signal obtained from terminal 
54, and tiiere is no phase difference between the lead- 
ing edge of the signal obtained from terminal 52 and the 
trailing edge of the signal obtained from terminal 54. the 
following relations are established k>etween a cycle T of 
^e input signal received at Input tarmlnal 51. a high 
level pulse width tw of the signal from terminal 52, and a 
delay time td from delay control circuit 20: 

T = tw + td 

tw^td. . 

[0039] Sines Tatw + tdB2tw, 

[0040] Thus^ a pulse signal of which pulse width tw is 
1/2 of the cycle T can be produced, that is, the duty is 50 
p^cent of the input signal. 

[0041] Next, a second embodiment of the present 
invention will be described below. 
[0042] Referring to Fig. 10. an integrated drciiit 
according to this onbodiment compnses: a pulse width 
changing circuit 10 which char-tges the pulse width of an 
input signal; a delay control circuit 20 which delays ^e 
input signal at an optional delay time; phase control dr^ 
cults 30 and 40 which control pulse width changing dr< 
cuft 10 and delay control circuit 20. respectively; and a 
buffer dmuit 60 which delays the ou^ut signal from 
pulse width changing circuit 10 for a predeterrrnned time 
and sends the signal to del^ coritrol drcuit 20. In tNs 
embodinient, all of the components and connectionSj 
except buffer drcuit 60, are Identical to the correspond- 
ing components of the first embodiment shown In Fig. 1 . 
[0043] By provkiing a buffer circuit 60 between the 
output of pulse width changing circuit 1 0 and the input of 
delay control drcuit 20, the load on delay control drcuit 
20 is decreased, and the circuit size of delay control dr- 
cint 20 can be reduced. Therefore, the output signals 
with 50 percent duty can be dislrbuted to many loads. 
[0044] Next» a third embodiment of th e present inven- 
tion will be described below. 

[0045] Referring to Fig. 11. an integrated drcuit 
according to this emi^odiment comprises: a pulse width 
changing circuit 10 which charvges the pulse width of an 
input signal; a delay control drcuit 20 which delays the 
input signal at an optional delay time; phase control dr- 
ciits 30 and 40 which contrc^ pulse width changing dr- 



cuit 1 0 and delay control drcuit 20. respectively; a buffer 
drcuit 60 which delays the output signal from pulse 
width changing circi^t 10 for a certain time and sends 
the signal to delay control circuit 20; and a phase locked 

5 loop (PLL) drcuit 70 connected to the input terminal 51 
of putee width changing drcuit 10. in this embodinient 
pulse width changing circut 10. delay control circirit 20, 
and phase control circuits 30 and 40 are identical to the 
corresporxiing components of the first embedment 

10 shown in Fig. 1 . Buffer circuit 60 is identical to buffer dr- 
cuK 60 of the second embodiment shown in Rg. 10. 
[0046] Since PLL drcuit 70 is conneded to the ir^ut 
terminal 51 of pulse width changirvg drcuit 10, the input 
signal Is inputted into pulse width changing drcuit 10 

IS after passing through PLL drcuit 70. An input tenrdnal 
53 of delay control drcuit 20 Is connected to the feed- 
back iriput of PLL circuit 70. By matching the phase of 
the feedback signal received from termml 53, that is, 
the output stjgnal of buffer ciront 60. with the phase of 

20 the input signal Inputted Into an input terminal 55 of PLL 
drcuit 70. the skew due to the delay of pUlse width 
changing cfrcult 10 arKi txjffer circuit 60 can be mini- 
mized. 

[0047] As described atsove, the high level pulse width 
25 of an output signal can be equalized with the low level 
pulse width even if the high level pulse width of an input 
signal differs from the low level pdse width. Phase con- 
trol circuits detect the high level pulse width of the input 
signal and the low level putee wMth. and feed back the 
30 results to adjust the putse width of the input signal. 
Therefore, pulse signals with a duty of 50 percent can 
be produced. 

[0048| WhQe this invention has been described in corv 
Junction with the preferred embodiments described 
9$ above, it will now be possible for those skilled in the art 
to put ttiis invention into practice u^g various other 
manners. 

Claims 

1 . An integrated circuit comprising: 

a first drcuit which receives an input signal and 
outputs a first output signal, wherein said first 

45 output signal is produced by changing the 

pulse width 01 said input sigr\al; 
a second drcuit which receives said first output 
signal and outputs a second output signal 
wherein said secorxf output signal Is produced 

50 by delaying said fo^ output signal; 

a first control circuit which recaves eaki first 
and second output signals and corttrds said 
first drcurt k>ased on said first and second out- 
put signals; and 

ss . a second control drcuit which receivee said 

first and second output signals and controls 
aakl second drcuit based on said first and sec- 
ond output signals. 
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The integrated circuit as daimed in dalip 1 . wherein 
saU first control drcuit controls said first circuit 
based on times when levels of said first and second 
output signals change. 

The circuit as daimed In daim 1 or 2. wherein said 
second control circurt controls said second drcuit 
based on times when levels of said first and second 
output signals change. 

The circuit as claimed in claim 1 ,2 or 3, wherein 
said f ii^ corrtrol circuit controls satd first drcuit so 
that the level of said first output signal falls when the 
level of said second output signal risBS. 

The drciit as daimed in dainri 1. 2. 3 or 4. wherein 
said second control drcuit controls said second dr- 
cuit so fiiat the level of said first output signal rises 
when the level of said second output signal faU& 



10 



15 



20 



6. An integrated drcuit connprfsing: 

a first drcuit which rec«ves an input signal, 
and outputs a first output signal which is 
increased in proportion to a high level width of 
said *Biput signal to a low level width of said 
irput signal when said high level width is less 
than the tow level wdth or in proportion to the 
low level width of said input signal to the high 
level width of said input signal when said low 
level width is less than the high level width; and 
a second drcuit which recces said first output 
signal and outputs a secorKl output signal 
which is produced by dela/ng said output sig- 
nal 



2S 



10. The circuH as claimed in any one of dalms 1 to 9. 
wherein said second control drcuit 

has a first terminal which receives a rising edge 
of said first output signal arxl a second tenmlnal 
which receives a t^lng edge of said second 
output signal, and reduces a phase dmerence 
between said rising edge of said first output 
signal and said falling edge of said second out- 
put signal. 

11. The circuit as claimed In any one of daims 1 to 10. 
further comprising: 

. a txiffer circuit which receives said first output 
signal and outputs a third output signal to said 
secord dncidt, wherein said third output signal 
IB produced by delaying said first ou^aut signal 
by said buffer drcuit. 

12. The integrateddrcuft as claimed In dalm 11. further 

comprising: 

a phase locked loop circuit which receives said 
Ir^ut signal and said third ou^ut signal, and 
outputs a fourth ovtpiA signal to said first circuit 
so that a phase of said lrn>ut signal adjusts a 
phase of said third output signal. 
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7. The integrated drcuit as daimed In daim 6, further 
comprising: a first contrd -drcuit which receives 
said first output signal and a second output signal, 
and controls said first drcuft based on the phases of 
said first output signal arxl secorKl output signal. 

8. The drcuit as daimed in daim 6 or 7, further com- 
prising: a second control circuit which receives said 
fir^ output signal arid a. second output signal, and 
controls said second circurt k>ased on the phases of 
said f irst output signal and second output signal 

9. The drcuit as daimed in any one of davns 1 to 8, 
wherein said first control circuit has 



45 



SO 



a first terminal which receives a falling edge of 
said first output signal and a secorKl tenrrdnal 
whidi receh/es a rising edge of said secorKf 
OLi^put signal, and reducds a phase dsfference 
between said falling edge of said first output 
signal and said risir>g edge of said secorvi out- 
put signal. 
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